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medium. The import ance of trapped space charge has been proposed by several

authors8
~~°. Hayakawa and Wada 7 have examined the contributIon of trapped

charge where there are mechanical hecerogenieties pres ent , and Crosmier e t .a t..

have shown that trapped charge does lead to measureable piezoelectric activity.

Hayakawa and Wada have considered several mechanisms in a recent review article 7

12
and Oshikj and Fukada have considered electrostriction effects .

So far , models for piezoelectricity and py roelectricity are fragmentary.

This paper pulls together available information on the microscopic structure of

PVDF in order to make a relatively comp lete but simple and realis tic model. The

• response of the model is calculated from physically measureable parameters and

the results comp ared to published data. The calculated response contains contri-

butions from dimensional changes , dipole orientational fluctuations , electro—

striction and space charge and accounts for most of the observed response.

• MicroscoDic Details of PVDF

PVDF crystallizes from the melt into spheruli tic s tructurek? ~~gure i is a

photomi crogra~h of a -ielt— crystallized PVDF film taken between crossed polaroids .

The volume fraction of crystalline material is typ ically about 50% depending on

thermal his tory 14 . Most of the uncrystallized molecules are in a metastable

supercooled liquid phase. The glass transition temperature for  this liquid phase

is aroun d —50 ° C f r om volume15 and dielectric data l6~
l7 .~

l8Based on similarities

in molecular structure and phase behavior between PVD F and the much rnore ‘~ide1y s tudi eca

po lyethylene19 we can assume similar spherulitic structures , as shown in Fig. 2 .

That is, the spherulites consist of stacks of lamellae which grow outward from the
14

center of the spherulite. These lamellae are typically 10 to 20 tim thick
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Thus ,

— ~n(c~ + 2) u0J0(~0) / 3  + q z J  cos 9~ (10)

Total Moment for a Disnersion of Lamellar Cr,stals

If one extends the above single crystal result (10) to a film sample

containing a dispersion of lamellar crystals of the same kind but varying in

number of dipoles , n , mean orientation , 3 , and countercharge , q, then.we can

write the moment for the entire sample as

M — I m • — EN(~ + 2)~~J(* )/3 ~~~~~ 
~c

1 <cos 8~> (Ii)

where for a large number of crystals containing a total of N dipoles , N = En

over all crystals, c~. 
= Eq over all crystals and

<cos 9>  = J ti (9 ) cos 8
0 

d e / f n ( S ) d8 (12 )

is the average cos 8 , and n(O ) is the number of dipoles having an orientation

between 8 and 9 + d8
0 0 0

The charge per unit electrode area A induced by N on electrodes in intimate

contact with a sample film of PVD F is given by

= N 1L5A5 P (13)

where I is the thickness and P is the total polarization of the samole. Thus
• S 5 -

• the charge on the electrodes induced by N5 is

Q = [N(~ + 2)~~J ( ~~ ) / 3  +~~~L 3  <cos 9 >/I (14)








































